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     a発育せず
表2－2．ラクトフェリシンBのエ．mocツ。ogem∫IDF－1bに対する阻止活性にお
     ける塩類の影響
MIC伽9／m1）
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   The suscep－ibiIity of ム’sfe’寸。 用。ηo‘）Yo．9e’一es to inhibition
and inaC－ivation by lactofen－icin，a newly isolated a11timicrobial
peptide derived fmm bovine lactoferrin present in cow’s mi1k，
was studied in laboratory media．Lactoferricin showed an effec一
一iveness similar－o－hat of many clinicaHy useful antibiotics，
causing comp1e屹i－1hibhion of four stmins of乙．mo〃。（・yo、｛e’一e∫
lserotypes l b，2，3，and4a）a〔1ow concentr如ions varying within
－he range of（〕．3－o9μ。g／ml depending on the strain and the cu1ture
medium used．The e冊ectiveness of－ac－ofen’icill agains－L．〃π用‘）一
正）’ω馳’一e∫was not str011gly a冊ec－ed by曲e presence of various
carbohydr舳es or pm〔eins but was somewha－diminished in t11e
presence of various salts．The pep－ide showed potent activity over
－he pH range of5．5to7．5．The e鉗ect of lactofeIτicin was le－hal，
ca口singampid－ossofcolony－forming ability wi－h aH fours－rains
tested．
contains no unusua1amim acids or foreign chemicaI groups．
In our opinion，considerable potential exists for the wide－
spread commercial use of lactoferricin as a safe and e価ec－
tive mtura1prese耐ative，and we have deveIoped a manu－
facturing proc ss for large＿scale production of this new
antimicrobial agent，using bovine lactoferrin extracted from
skim miIk or cheese whey as the starting materia1．
    Whether lactofen’icin might be e価ective to c㎝甘。l the
growth and su耐iva1of L伽。〃。（＝Woge〃e∫in various com－
mercial applications is unknown．As an initia1step，the
present study was undertaken to investigate the susceptibi1－
ityofseveralstra㎞sofL、〃mo〔一yro8e㈹，includi㎎clin卜
。al iso1ates，to inhibition and inactivation by lactofen｛cin in
laboratory media．
MAT1≡：RIALS＾ND METHODS
   〃sreグ’o伽。〃。‘γo馳〃es is a bacteria1pathogen which
has emerged as an important problem in the food indus岬
（ノ，2，7．ノ0）．This organism is the causative agent of listeriosis，
a disease which often manifests itself as meningitis or
septicaemia（2）．L．mo〃。（ヅ。8e〃es is widespread in nature
and can be isolated from a variety of foods and food
iηgredients（！．7，〃）．It can survive and grow aHow tem－
peratures（8，9）、suggesting that refrigerated storage is prob－
ably insufficient to prevent its grow血in dairy products and
other perishab1e foods．Accordingiy，it seems impOrtant to
identify nove1means of contro11ing the growth and survival
ofthisfoodbomepathogen．
   We have recent1y discovered a potent new antimicr0－
bial peptide，named■1actoferriciIゴ’，9enerated by gastric
Pepsin cleavage of bovine lactoferrin（Be11amy，W．、M．
Takase，K．Yamauchi，H－Wakabayashi，K．Kawase，and M・
Tomita，acceptedforpub1ication in Bi㏄himicaet Biophysica
Acta，1992），an iron－binding gIycoprotein prese11t in cow’s
rniIk（3．6）、Lactoferricin is a low molecular weight peptide
・o・si・ti・gofasingl・p・ptid・ch・inof25ami・oacid
residues having the secluence Phe－Lys－Cys－Arg－Arg－TrP－
G1n－Trp－Arg－Met－Lys－Lys－Leu－G1y－A1a－Pro－Seトne－Thr－
Cys－Va1－Arg－Arg－A－a－Phe．It has a quasicyc1ic structure
Owing to the presence of a disulfide bond between its－wo
・ystei・er・sidues．I・t・・esti・gly，1hisp・te・t1yacti・・peptide
戸reραr0〃0〃9ブ’0‘’r勿とrバ（’加
    Bovi11e lactofeπin purified耐。m fresh skimmed mi1k by the
method of Law and Reiter（6）was dissolved in dis〔med water at
a concentration of5％（w！v）and t11e pH was adjusted to3，0by
addition o〔N HC1．Pepsin（10units／mg；考B15L Difco Labo－
ra〔ories．Detroit，MI）was added to a fina1concentrati㎝of3％（w／
wofsubstrate）mdhydrolysiswaspe怖。medat37．Cfor4h．The
reactionwasteminatedbyheati－1gat80oCfor15mi11andthepH
was adjust d to7．0by addition of－N NaOH．The precipitate
fomed（less than10％oftota1protein）was removed by centrifu－
gation at15，O00x g for30min and the supematant was retained
and freeze＿dried．
    Lactofen｛cin was purmed by reverse－phase high pe㎡’or－
mance－iquid chromatography in two sleps－Af－er each step frac－
1ions were co11ected，dried under vacuum in a cen－rifugal evapo－
rato ndassayedforantibacte・ialact舳y・lnitially，Pepsin－hydro－
1yzed1actofen’in was fractiomted on a co1umn ofTSK－GEL120T
（6．0x150mm1Tosoh，』apan）e1山ed with a mi刈ure80：20of
e1uan－sA（0．05％trifluoroaceticacid）andB｛90％acetonitrilein
0．05％tr旧uoroacetic acid）for lO min followed by a linear
gmdient of A：B from80：20－o40：60for30min a－a now咽1e of
0．8mVmin．The active pepωes were further purined on a column
of COSMOSIL5CN－R（4．6x150mm；Na㎝1ai Tesque）eluted
with eluant A『or5min．fonowed by a linear gradien6of e－ua舳s
A：B from100；0to55：45for40min挑a now rate of O．8m1／min．
    For assay of pu ity．the laαofeπici11ob岨ined was applied－o
a column of TSK GEL120T eluted as descri㎏d above．↑he
absorbance at280nm of the eluate was recorded and t11e re1aiive
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c㎝ce舳11㎝soNamp1eco岬㎝舳were舳ima1edfromlhe
蛆e舳Ωf e－u－ed pεptide peaks．Homogenei－y of－11e lactofeπicin
ob〔ained w脳fu血her co証i㎜ed by a山。ma屹d Edman degmd飢ion




    Fo山s一関ins or L．m‘〃7伽＝Wo鮒〃．一we爬u鵬d：IDF－Ib，sero－
ly脾1b（DF deno－es lmem洲io脳1Dairy Fede抱一ion．Toyko，Ja一
岬皿）：』CM－7672，附。1ype2：JCM－7673，sem岬e3：JCM－7674；
wo－ype4a（』CM dcno肥s Japan Co11㏄一ion of Microorganisms at
RlK酬、W阯㎞Cily、此p㎝）．The1＆tler three organisms町e human
Cl㎞iωi，OlateS．
ん舳州〃I伽舳”舳‘〃α‘．小1〃）・
    乙。〃‘川。‘γo、ψ〃。∬舳ins we爬。u－tured in a basa－medium of
l％b越。lo－pep〔one（D脆。 Labo胞ωries）．pH6．8，or PYG medium
㈹b舳。・Pep1㎝e，1％91ucose，O，05一％ye舳t舳act），PH6．8，at
37oC．一n some e岬erime11ts－he c山ure medi阯m w挑supple－
men－ed wi〔h v〃ious carbohydmtes，proteins，or sa1ts as三ndicated．
The ex伽tofbacteria1growth was detemined by m㎝itoring the
一）ptical d㎝烏ityof㎝ltu欄at600nm．S1㏄ksoluti㎝s of1㏄to療eπicin
were prep鮒ed in dis011ed water aIld m－eト軌e刷ized before addi－
li・n1・鵬rile・・1仙爬m・di・．Fo川・ay・fa・tibacte・ialac舳y，・
s胞ndard imc山1um of logar舳mic－phase ceus（1ぴCFU！m1）was
cultu爬d ror16to20h i11a脆ries oftubes containing2．0m－of
medium舳pPIemen屹d wi伽various concen晩dons of Iactofe耐icin
（Oω6（）μg／m一）．The minimaI㎞hibitory concentr刎ion was taken
舳市e－ow舳。oncen脆tion o〔aαo竈e血idn th鉗。a口8ed comple蛇
inhibi－ion of gmw－h一戸。r assay of bactericidaI actMty，艶。h附ain
w洲incub舳ed in b狐a1medium wi商。r without laαo竈e1－ricin汕
37oC in a s11aker－iIlcubator water b帥h，Af〔enhe indic虹ed time，
seriaH0－fold diiu－ions we爬prepa肥d in b鵬al medium a－1d p胞ted
onωp1銚e comt ag鉗（Eiken Chemical Co．，Japan）for detemina－
lion of colony－formjng uni［s．1…ach experiment was pe㎡ormed a－
Ie洲いWiCe．
            RESU1－TS ANl）DISCUSS一（）N
    The minimal concentrations of1actofeπicin required to
cause complete i皿hibition ofム．〃一価。‘．W裕e〃e∫were deter－
mined using a number of di舖erent cu1ture conditions．The
・肺・・ti…㎝…t・ati㎝・fth・p・ptid・i・1％P・pt㎝…
PYG medium wried within the range of0．3and3μ一g／m1
de咋nding on商e鮒get stmin and cωtu肥medium used
（Table 1）．Various carbohydrates，proteins，or salts were
added to－he basal medium of1％咋ptone to determine
－heir inf1uence on the antimicrobial effective－less of
lactoferricin against one of the mosこresistant stmins，
L〃π〃κ，‘ヅ。附〃ωIDF－1b．Addition of g1ucose，ga－actose．
fruc1o・e、㎜mo・e，xylose．mltose，sucrose，lactose，or
舳rch at concent胞tions up to10mg／ml had no e価ect on
lhe・cti・ity・川・1・・tof鉗i・p・p1id・・g・i・・tthete・舳ain．
In the p肥sence of these added carbohyd醐tes，a minima1
inhibitory concenm〔ion ofO．6μg／ml was obsewed in each
ins胞nce．In－he p爬㏄nce of added gelatin or bovine semm
阯bumin a－a finai concent剛ion of－0mg／ml、商e minima1
i曲ibitoワ。oncent㈹tions of lactofe㎡cin we記3μg／m－and
lμ．g／ml，respective1y．indicating－haいhese proteins have
lit－1e emect on i吋actMty．On the other hand，the effective．
ness of1actofe耐ic…n was more diminished in the presence
of NaCL KCl，or NH，C1at concentrations up to－00mM、
or1n the p肥sen㏄of MgC1，or CaC1，at con㏄nt胞tions up
to5mM（Table2）．To examine the e価㏄t of pH on血e
activity of1actofen’icin against L．mo〃。cツfo8ene∫，strain
IDF－1b was cu1tured in basa1medium adjusted to various
pH va1ues・In the pr鮒nce of50mM KH2pOゴ㌧HP04
buffer at fillal pH vaIues of5．5，6－O，6．5，7．0，and7．5the
minima1inhibitαワ。oncentrations of Iactoferricin against
the test strain were6，8，8，6，and6峠g／ml，respechveIy．At
the same pH va1ues，in the absence of added b山節er salts，a
mi11ima1inhibito町。oncentration of O．6μg／mI was ob－
served in each ins固nce indica．ting that potassium phosphate
has some abmty to reduce the effectiveness of lactoferIゴ。in．
NonetheIess、飾ese obseTvatio口s demonstrate曲auactoferricin
exhibits potent activity over the pH ra11ge of5．5 to7．5，
ev㎝in the presenceof50mM po胞ssium phosphate，At pH
val es be1ow5．5and above7．5，inhibition of the test strain
occurred in the absence of lactoferricill； therefore， 〔he
effectiveness of the peptide couId not be determined be－
yond this pH range．
TABLE1．∫e舳〃一・抑・‘ヅL．monocytogenes∫炉α加sω’〃〃わ〃。〃
伽伽一κ枇舳・伽．
                                  MIC，（μ9／m1）
S－rain                  l％pep－one  PYG medium
ム．〃一価。｛γoge〃ωlDF－1b        O，6       3
L舳〃。‘γ‘）8e〃e∫JCM－7672     NGh     2
ム．〃。舳fツ戦伽es JCM－7673     0，3      1
L mo舳‘ヅ。得e〃e∫JCM－7674     0．6      3
’MIC denotes minimal inhibitoリ。oncen説tion，




Sa阯    2．5mM  5，0mM  25mM  75mM  100mM
NaC1     0．6     1     3




6    6
6     9
0．6  1   3   6   9
3     3    NG   NG    NG
3     6    NG   NG    NG
。MIC denotes minimal inhibitoリ。onc㎝t伽ion，
h NG deno－es m growth（or poor growth）in曲is medium．
    To examine the abi－ity of lacto示erricin to inactivate乙一
m0〃。（γoge〃es，each of the four test s町ains was suspended
in1％Peptone with or without added1actoferricin，and－he
concen説tion of viab－e cells was assayed before and aier
60min of incubation at3アC．As shown in Table3，the
e術・・t・fI・・t・f鮒i・iM9・i・・t乙．m・・ψ・g㈹w・・p・一
t・m1yb・・t・㎡dd・し・…i・g・p・・f…dl・…f・・1・・y－
fon‘ning abiHty i  a11fo山。f the strains tested．The kinetics
・fth・b・・t・・i・id・1・術・・tw・・f・池・・…mi・・d・・i㎎・虹・i・
．’0‘1一κV化（）戸ρ（）00戸κ0アεCη0～，VOL55，AP則し1992
240                wAKABAYAS肌B1三LLAMY・TAKASl…AM）TOMIT＾
IDF－lb．As shown i口固g．1，the rate ofkming by1acto俺rricin
was rapid a11d dose－dependenし
TABLE3．∫〃n・か〃qブしmonocy－ogeηes功ぴ60伽加砒ρo〃7e
ω1肌・雌げた加〃3∫μ．柳川0μ〃．
   Ourdataprovide some infoma1i㎝abo山thee術。acy
oflactofe㎞cinagaimst乙、m〃肌yo㈹ω㎜dervarious
1aboratory conditions二 however，they do not enable any
prediction of the coI1centrations requilred for food p1－eserva－
tio肌Many㎝vironm㎝tal c㎝diti㎝s such as pH，記mpera一
Su耐ivalo（CFU！m一）





2．5x10＾   く100
2，O x 1Oヨ      〈100
1，3x 1O＾        300
5．2x104   くI00
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   Our resu1ts demonst胞te that ム．㎜o〃。‘γoge〃es is
high1ys・s・eptiblet・i・hibitio・andi・acti・・tionby
－ac匡。fe㎡cin．Under the various condidons employed in this
舳dy1actoferricin exhibited an e術ectiveness simiIar to that
of many clinica1－y usefωantibiotics（5）causing comp1ete
inhibiti㎝・fL．舳・・ヅ・g・舳・t・㎝・㎝血・d㎝・・f1…
曲伽10叫g／m1．Moreover，1acto衛e耐icin caused a rapid and
iπe・ersib1e1ossofce11・iabi1ilyofa11fo山乙・〃舳。・ヅ・一
馳〃es strair1s tested．These observations suggest this new1y
discove爬d antimicrobi刮agent might be usefu1in a variety
of commercia1apP1ications to control the growth and sur－
vival of this foodbome pathogen。
ωre，water activity，miσobial load，a二nd the presence of
ce棚n food componen㎎may infIuence the e価ectiveness of
lactofε耐icin．
    The mechanism of action of1actofe耐icin包gainst L
m伽。‘ツωg伽e∫is unkmwn．No晩b－y．8of the25amim
acid residues in －his peptide are basic residues and this
feat山e pmbably has an impo伽t ro1e in detemini㎎its
pote口t bactericida1properties．Certain other a耐imicrobial
peptideshavingahighproporti㎝ofbasicresiduesa脆
known to act at the su㎡ace of bacte㎡al ceIls causing an
increase in ce11 membrane pemeabi1ity（4）」t is presumed
that lactofe肝icin acts by a similar mechanism．If so，the
susceptibi1ity of L〃。〃‘）‘Woge〃ωto various other antimi－
crobia1agents and physical treatments may be enhanced in
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The antifungal spectrum and fun8idda1mechanism ofan N－terminal peptideofbovine lactoferrin（1actoferricin⑭
B）、an antimicrobial peptide produced by gastric pepsin digestion ofl）ovine1actoferrin，were investigated．The
susceptibi1i｝ofpathoge・icy眺t・anddermatophytestothepeptide・a・iedi・asp・cies－dep・ndentandstrain－
dependent manner．Dematiaceous fungi and dimorphic fungi were susceptible to the peptide（raηge ofMlC
va1ue∫：O．63to1Oμg／mL）■n the case of nonpigmented hyphomycetes and zygomycetes，most strains exhib－
ited resistance to the peptide（MlC：＞80μg／mL）．This peptide killed C釧d’da aめた釧5dose dependently
without inducing a change in cell wa11stability against osmotic stress．The peptide at1Oμ♂m1immediately
induced the releaseof K＋from C一∂めたaη5cells and pH increases in ce11suspensions．These pharmaco1ogical
activities were more potent than those for m1conazole nitrate，a well－known antifungal agent that inte㎡eres
with membrane synthesis and function．These in vitro findings suggest that the lactoferrin oligopeptide has
potent membrane disrupting activity againstthis yeast and suggests that in vivo LF－B studies would be usefu1to
further understand host defenses and to deve1op improved therapeutic agents againstyeast infections．
                                                     』1nfect Chemot11er1996，1：185＿189
           Key words：lactoferrin，lactoferricin⑪、Caηd’da a伽。an5，membrane disruption
1N皿0DuCT10N
Lactoferrin，an iron－binding91ycoprotein present at re1a一
一ive1y high concentrations in rnany exocrine secredons，
hasbroad－spectrumantimicrobialproperties㎝discon－
sidered to be an important component ofthe non－im－
mmo1ogica1defense system which is active at mucosa1
su曲。es，md in colostrum and mi1k．1・3The antimicro－
bia1e茄ect ofIactoferrin against飾ngi has been demon－
s泣ated by several investigatOrs．へ5
 ItwasrecentIydiscovered曲atantimicrobia1peptides
much more ef庭。tive than1actoferrin are generated upon
曲gestion oft㎞s proteinwith gastric pepsh，6The active
peptides of human1acto虹rin（1actoferricin⑭H）and
bo㎞ne lactofemin（1actoferricin■坦B）were iso1ated and
sequenced andわmd to be derived丘。m the N－temi－
na1記gion ofthe mo1ecule．7Lactoferricin⑱B（hereinaf－
ter referred to as LF－B）consists of25amino acid
residues having the sequence Phe－Lys－Cys－Arg－Arg－
Trp－G1n－Trp－Arg－Met－Lys－Lys－Leu－G1y－A1a－Pro－Ser－
11e－ThトCys－Val－Arg－Arg－A1a－Phe，LF－B has been
shown to have antimicrobial activities against a physi一
・1・gi・・11ydi・・・・…㎎・・fb・・t・・i・1・p・・i・・8・9・nd・・m・
f㎜9a1species．10・11It was a1so shown that［14C1－Iabe1ed







  Inthepresent studywe have㎞vestigated the suscep－
tibi1ity，h vitro，of a wid－e range of pathogenic丘mgal
s1＝rainstoLF－B．Tb肚血ere1ucidate曲e㎜d丘m劇mecha－
nismof血ispeptide，wehave a1so跳amined血eactionof
LF－B on曲e ceuwa11a dmembrane ofC．o肋m∫．
MATER1ALS AND METHODS
P岬a励㎝0デ〃一8刎dm7COnaZ0’εη伽fe
LF－B was preparedbyprocedures describedprevious1y7
and its pur tywas at1east95％．Miconazo1e ni血ate was
pu chas d丘。m Sigma Chemica1Company（St．Louis，
M0，USA）．
肋8沁脆jη5a”dρ岬・胞”㎝0～㏄k㎝κ凹欄
Seventy一五ve strains of pathogenic fu．ngi stocked in the
Research C nterforMedica1Mycology，Tヒikyo Univer－





The agar di1udon method was employed using mo曲一
五ed Sabouraud dextrose agar（Bactopeptone1．0％，gIu－
cose2．0％，isoge1ag㎜ose旧MC BioProduc由，RockIand，
ME，USA1o．75％，PH5．o）as the test medium．Stock
solutions ofLF－B were prepared in disti11edwater，丘1ter
steri1ized，and di1utedinthe testmedium at60oC over
a inal concen血ation range of0．31to80μg／mL．Ce11
suspensions ofpathogenic yeasts were prepared by sus－
pending in steri1e s痂ne cens harvested丘。m曲e stock
1341・321X／96／0103．0185／US＄3．00◎JSC／CLJ1996 785
ノ’η戸eαCわe’7τo沽erア996〃ニア85一ア89
cu1tures．Ce11 numbers were determined using a
hemocytometer and inocula were adjusted to contain
106ce11s／mL．Spore suspensions offi1amentous fmgi
were prepared by suspending spores harvested from
stock cultures in sterile sa1ine containing0．05％（w／v）
T㎞een80．Suspensions ofspores used as inocu1a were
ad，usted to have a丘na1optica1density of O．02at530
nm．Each test agarp1ate was inocu1ated wi曲5μLofce11
or spore suspension and incubated at27．C．Pathogenic
yeasts，zygomycetes，and nonpigmented fungi were in－
cubated for4days，and other fi1amentous血ngi were
incubated for7days．Minimum inhibitory concentra－
tion（MIC）was de丘ned as the1owest concentration of





ofthe reference materia113）in a shaking water bath for
18hours，Ce11numbers were determined using a
hemocytometer after washing the ce11s with steri1e sa－
line，C．α〃。αm∫ce11s at a density of105ce11s／mL were
exposed to LF－B at concentrations of1O to80μg／mL
in Sabouraud dextrose broth（Bactopeptone1．0％，g1u＿
cose2．0％）containing0．8Msorbitolastheosmotic
stabi1izer．13Untreated contro1cu1tures were a1so exam－
ined．Both treated and untreated ce11suspensions were
incubated for6hours in a shaking water bath at3㍗C
prior to samp1ing，For preparation of osmotica11y
shocked cu1tures，samp1eswereremoved，di1utedinster－
i1e sa1ine，and p1ated onto PYG agar（Bactopeptone
2．0％，yeast extract1．0％，g1ucose2．0％，agar2．0％）．
Forpreparation ofosmotica11ystabi1ized cu1tures，sam－
p1es were removed，di1uted in sterile sa1ine with stabi－




were diluted in sterile water to a fina1ce11density of108
ce11s／mL and stirred at37℃．14LF－B so1utions were
added to the ce11suspensions to obtain a丘na1concen－
tration of0．63，2，5，or10μg／mL Miconazo1e nitrate
was disso1ved in dimethy1sulfoxide and added to the
cell suspensions at avo1ume of2％、Dimethy1su1foxide
alone had no effects．The fina1concentration of
micomz（〕1e nitrate was2．5，1O，or40μg／mL．The pH
ofthe ce11suspensions was measured and recorded con－
timous1y For the determimtion of re1eased K＋，ce11
suspensions were removed at de丘ned intervals and im－
mediate1y刷tered using a O．45μm ce11ulose acetate fi1－
ter（Advantec，Tb吋。，Japan）．The K＋content of the
filtrates was measured using an inductive1y coup1ed
plasmaspectrometer（Leeman1abs，Lowe11，MA，USA）．
Total intrace11u1arK＋was extractedbv treatmentofce11
suspensions with5％trichloroacetic acid atヂC for30
min．Th amomtofK＋re1easedby曲eaddedagentwas





（μg／mL〕   MlC‡（μg／mL）
1．Pathogenic yeasts
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E価。ctive concentrations of LF－B against a variety of
pathogenic yeasts and刑amcntous fungi were deter－
mined（Tab1e1）。A wide range ofMIC va1ues was ob－
served for pathogenic ycasts and dermatophytes and
susceptibi1ity to inhibition varied depending on the in－
di・idu・工・p・・i… nd・t・・in・、Cm〃α舳枇αll∫，
∫αcc々αromツ。ε∫cぴeηゴ∫ゴαe，Grック。ococα4∫ηeψrmαη∫，and
助伽moヵ切ω〃。cco∫〃m exhibitcd re1ative1y1ow MIC
values（0・31to2・5μ9／mL）・Moststrains ofnonpigmented
hyphomycetes and zygomycetes were resistant to LF－B
（MIC：＞804mL）・Dematiaceous fungi and dimorphic
fu㎎i were susceptib1e to more intermediate concentra－
dons ofthis peptide（MIC：O．63to10μg／mL）．
05mofた鉗ab〃κ／of ce〃5
The mode of kming of C．α肋。αη∫by LF－B was investi－
gated using osmotica11y stabi1ized or osmotica11y shocked
cells（Fig，1）．Viab1e counts of contro1cu1tures increased
about10－foId during the six hours of incubation．In con一
山ast，ce11counts in cu1tures treated with LF－B decreased
in a manner dependent on the concentration of the
peptide．The LF－B dose response curves for decreasing
ce11 numbers in osmotica11y stabi1ized and osmotica11y
shockedcu1tureswerea1mostthesame，Theseresu1tssug－
gest曲at LF－B does not induce osmotically缶agile ce11s、
Cわ・㎎・・帥H・f・θ〃…ρ㎝・戸・η・
pH changes induced by LF－B in C．αZ加。ms ce11suspen－
sions were measured（Fig．2）．The pH of ce11suspen一
7
言二r
ら4rLLO】 3L①O－   1
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sions was approximate1y5．3before the addition ofthe
drug．Soon afterthe addition ofLトB，thepH increased
in a concen血ation dependent mamer．The pH rose to
bou 6．0within5minutes af［er曲e addition of10μg／
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Re’ea5e Ofκ・介0m f＾e Cε〃5
LF－B at10μg／mLcaused there1ease ofa1mostthe tota1
intrace11ular K＋content within2．5minutes．（Fig．3）、
The amount of re1eased K＋was dependent on the
concenmation ofLF－B added．Nearly the same e伍ect as
obtained㎞曲10μg／mLofLF－Bwasobserveda丘ertreat－
ment ofce11s㎞th miconazole nitrate at a concentration
of40μg／mL．As was曲e case for LF－B，K＋re1ease de－
pended on the miconazole concentration．
DlSCuSS10N
We have investigated the antifmga1spectrum ofLF－B
against a broad range of pathogenic flユngal strains and
examined its fmgicida1mechanism ofaction．Previous
reports demonstrating the anti～nga1activity of LF－B
against C．α〃。舳∫10and some other strains of～ngi11
used abrothdi1utionmethodfordeterminationofMIC．
In this study，we emp1oyed an agar di1ution method for
detemination of MIC．The MIC va1ues observed for
C．α〃。ms，ん以g〃〃∫∫mm伽舳，Aη伽らR〃20〃∫
orツme，〃たん。ρ伽二〇m mmωξroク伽枷，and r用ろ用m were
nearly in agreement with previous1y reported va1ues
obtainedusingPYGmedium（Bactopeptone1．O％，yeast
extract0．05％，g1ucose1．0％）．However，MIC va1ues
for〃ゴ。加∫ρoron cm伽emm strains were lower than those
ofthe previous report．These discrepancies may be due
to di価erences between tested strains．
  In tests of C．oZ肋。αns，the loss of ce11viabi1ity induced
by LF－B was not ihhibited in the presence ofan osmotic
stabilizer．It seems1ike1y，therefore，that the㎞11ing eト
fect ofLF－B is not due to the induction ofosmotica11y
fragi1e ce11s through damage to ce11wan structure or in－
hibition of ce11wa11synthesis．
  LF－B induced the re1ease ofK＋丘。m C．α〃。m∫ce11s
and caused an increase in the pH of ce11suspensions．
This increase in pH may resu1t from a now of
extrace11ularH＋into the ce11s coupledto the re1ease of
K＋from the ce11s．Simi1are価ectshavebeen reportedfor
imidazo1es such as miconazole，15which show not on1y
inte誠erence with ergostero1synthesis of fungi but a1so
cell membrane disruption at higher doses．A㏄ording1y，
LF－Bwas comparedwithmiconazo1enitrate inourstud－
ies．LF－B exhibited activity corresponding to that of
about a4times（about26times on a mo1ar basis，be－
cause LF－B has a6．5times higher molecular weight of
miconazo1e nitrate）higher concentration ofmiconazo1e
nitrate－These丘ndings suggest that LF－B has a potent
disruptive effect on ce11 membranes ofC．α伽。舳∫．
  Extrace11ular to intrace11ular now ofH＋may1ead in－
hibition of the ce11’s proton－motive－force（PMF）and
c㎝sequentinhibitionofcritica1PMF－dependentproc－
esses such as glucose transport，as shown in a previous
report forτ用わr〃〃．11Binding ofLF－B to fungaI cellslo
may thus be an initia1step1eading to disruption ofce11
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LF－B causes a substantial change in u1trastructural fea－
tures of fungi，including a dense aggregation of cyto－
plasm c materia1s，which1ooks1ike auto1ysis．lo・11
Intrace11u1ar now ofH＋generates acidic conditions in
曲e cytoplasm．T is may activate proteases and nuc1eases
and cause auto1ysis as seen in prevbus u1tras1］＝uctura1stud－
ies．l0Jl Usua11y au o1ysis of血nga1ce11s do not resu1t in
ce11wan lysis．It is in agreement with our丘ndings that
smotic丘agi ity ofce11wa11s is not induced by LF－B．
  In this study we have investigated the antifungal ac－
tivities ofLF－B against a wide range ofpathogenic fungi
andshown曲atdematiaceous血ngi，dimo叩hic血ngi，and
some s血ains ofpathogenic yeasts and dermatophWes are
susceptib1e to this peptide．In our next study we wou1d
like t evaluate the ef日ectiveness of the peptide for pre一
788
ハη〃他η8∂∫∂Cf（／〃γ0〃∂Cf0元err沽ρeρ〃de
vention of～nga1infections知り加。．We have血rther e1uci＿
dateddata曲atsuggestafungicida1mechanismoftheLF－
B peptide against G・α倣。m∫，a mechanism that apPears
to involve disruption ofthe ce11membrane．It has been
a1ready determined that RRwQwR－NH2，a6－mer
amide peptide in the sequence of LF－B，has antibacte一
・i・1・・ti・ity・16It・h・・ld曲…f…b・p…ib1・t・d・・ign
newmembrane－disruptiveantimicrobia1agentsbasedon
the structure and activities of LF－B．
旺冊R一≡NCIミS
1．BrockJH．Lactofcrrin in human milk：its ro1e in iron ab－
  sorption and protection against enteric infection in new－
  bom infants．Arch Dis Child1980；55：417－421．
2．Reitcr B．Thc biological significance of lactoferrin．Int J
  Tissuc React1983；5：87＿96．
3．S自nchez L，Miguel C，Brock JH．Bio1ogica1role of
  1actoferrin．Arch Dis Chi1d1992；67：657－661，
4．SoukkaT，TenovuoJ，L㎝ander－LumikariM．Fungicida1
  effect of human Iactoferrin against Cmd〃αα〃。舳∫．
  FEMS Microbiol Lett1992；69：223－228，
5．Pa1ma C，Cassone A，Serbousek D，Pearson CA，Djeu
  ∫Y．Lactoferrin re1easc and interleukin－1，inter1eukin－6，
  and tumor necrosis factor production by human
  po1ymorphonuc1ear cells srimu1atcd by various
  lipopo1ysaccharides：re1ationship to growth inhibition of
  Cα〃凶ぬ。伽ωη∫．Infcct Immun1992；60：4604＿4611．
6．Tomita M，Bcllamy W，Takasc M，Yamauchi K，













Bellamy W，Takase M，Yamauchi K，Wakabayashi H，
Kawase K，Tomita M，Identi丘。ati㎝of曲e bactericidal




tericidal pep ide derived from由e N－termina1region of
bovine1actoferrin．J ApP1Bacteri011992；73：472－479．
JonesEM，SmartA，B1oombergG，BurgessL，Mi11arMR．
Lactoferricin，a new antimicrobial peptide．J ApP1
Bacteri011994；77：208＿214，
Be11amy W，Wakabayashi H，Takase M，Kawase K，
Shimamura S，Tomita M．購11ing ofCm〃。α伽。on∫by
1actoferricin B，a potent antimicrobia1peptide derived
from the N－termina1region of bovine1actoferrin．Med
Microbio1Immun011993；182：97＿1051
Be11amyW，Yamauchi K，Wakabayashi H，Takase M，
Takakura N，Shimamura S，Tomita M．Anti血㎎a1prop－
erties of1actoferricin B，a peptide derived from the N－
termina1regionofbovinelactoferrin．LettApp1Microbi01
1994；18：230＿233，
Itoyam T，AokiY，HirataniT，Uchida K，狛maguchi H．In
vitro antifunga1activity of omoconazo1e nitrate，a new
in1idazole ant吐nycodc．J Andbiot⊂rbkyo）1993；46：773－780．
Yamaguchi H，HirataniT，Iwata K，YamamotoY．Studies
of曲e mechanism of anti鮎ngal action of acu1eacin A．∫
Antibiot（Tokyo）1982；35：210＿219，
Hira ani T，Yamaguchi H．Studies on the mode of
anti㎞ ga1actio  of bifonazo1e．Chemo由erapy（Tokyo）
1984；32：829＿841．
Cope JE．Mode f action of miconazo1e on Oon〃α
o〃。舳s：e伍ects on growth，viabi1ity and K＋release．J Gen
Microbi011980；19：245＿251．
Tomita M，Takas  M，Be11amyW，Shimamura S．A re－





1ts Peptides m Combination wit11
Azo1e Antifungal Agents
of Lacto errin or





〃∫舳α：The om㏄ts onacto他rrim（LF），an amtimi㎝obiaI prot6in s㏄耐ed i11body仙ids，amd its peptides
im combination wit11azole anti仙11ga1ag6mts were imestigated by伽e micm．bmt11．diIutiom method im a st11dy
ofC伽〃加〃肋α〃∫．In the case ofLF，its pepsi1111ydmlysate（LF11yd）or舳e LF．deriwd antimicmbia1pep・
・ide LactofeITiciI1血B（LF・B），t11e coI1cemtmtioIls mq凹ired to i血止ibi“11e gmwt110f Cα”〃〃decreased im伽e
pmsem㏄of re1ative1y1ow com㏄耐mtioms ofclotrimazo1e（CTZ）．The mimim皿m inhibitory com㏄mt醐tio11
（MIC）oM1舳。1e㎜“f㎜gal ag㎝ts tested was red㏄ed by1／4－1／16im此e pres㎝㏄ofa s此一MIC leve1of
eac110fthese LF－re1ated subs胞m㏄s．PoIyem and血阯。ropyrimidim am耐umga1agemts did mt show suc11a
combimd em㏄t w舳thes6LF・m1ated s㎜bstaI1㏄s．T11e aIlti．Cma〃αactivity ofLF or LF－B im combi皿atioI1
wit11CTZ was shown－o be sy11crgistic by c11eckerboard analysis．T11ese ms㎜1ts imdicate that LF－mlated s㎜b－
stamces舳nction coopcmtively wit11azo1e amtir㎜mga－age11ts agaimt Cα肋比αn∫．
κeツwo〃∫：LactofelTin，Lactofemicin岨，AzoIe antifuIlgal agents，Cα〃〃αα伽。伽∫
  Azo1e an山unga1agents are widely used in the
chemothcrapy of mycoses whcre they act in a fungistat－
ic fashion，however，there is reccntly a trend of caution
due to the rising incidence of fai1ures in the treatment of
mycoses in the case of severely immunosuppressed
paticnts on azole therapy．Latcly，thc isolation of azole－
rcsistantC舳a〃。specicshasbe㎝reported（11，15）
and azole antifungal chemotherapy may become insuf－
fidem in the near future．This clinica1situation pOints tO
the necd for the devc1opment of ncw therapeutic agents
which augmcnt the antifunga1actMty of azoles．
  Lactofcrrin（LF）is an iron－binding glycoprotein found
…ηmany exocrine sccretions of mammals and in thc
secondary granules of neutrophils．LF is known to dis－
play antimicrobia1activity against fungi such as C舳”一
ao as we11as bacteria（5，12）、and is considcred to play an
important ro1c in the host defense against infections on
mucosaI surfaces．It has been recently reported that
Lactoferricin岨，an antimicrobial pep“de derived from
the N－termina1region of the LF mo1ccu1e（2），exhibits
pOtent disruptive effects on cell membrane and has
f・・gi・id・1・・ti・ity・g・i・・lC〃m“伽・伽∫（16）・




cooperatively with host defer■se factors to inhibit fungal
growth in the body，and we have attempted to ascer－
tain whether such natura1factors contribute to the ther－
apeu ic efficacy of antifunga1agents．Here，we have
studied the inhibitory effects of LF and its peptides in
combinati n with severa1antifunga1agents by testing
their cooperative activity against C．oZわた。η．∫5η1ノ〃’Io．
Materia1s and M舳。ds
  ムFイe～〃ea∫〃∫f舳。e∫．Bovine LF was produced by
Morinaga Mi1k Industry Co．（Tokyo）．Pepsin hydro1yzate
of bovine LF（LFhyd）and the antimicrobial peptide
“Lactoferridn⑫B”（LF－B），which is derived from bovir■e
LF，were produced by methods previous1y reported（2）．
The fraction of LFhyd without LF－B（LF（一））was
obtained by repeated removal of LF－B from LFhyd by
 〃〕わ’‘州〃’o〃∫：AMPH，amphotericin B；C．o伽。m∫，Cma肋
”〃）’（・‘〃一s；CTZ，c1olrimazole；DMSO，dimethylsulfoxide；5－FC，
flucytosine；FIC index，fractionaI inhibitory concentration index；
FLCZ，Huconazole：IC80，80％growth ir1hibitory concentratjon；
一TCZ，itraconazo1c；KCZ，ketoconazole；LF，lactoferrin；LF－B，an
antimicrobia1peptide derived from bovine lactoferrin，Lacto－
fビrricin舳B二LFhyd，pepsin hydrolyzate ofbovine lactoferrin：
LF（一），a frac－ion of LFhyd without LF－B；MIC，minimum




the above method（2）．A11LF－re1ated substances were
dissolved in steri1e disti11ed water．
  λ〃ψ刀8〃。8e舳．Amphotericin B（AMPH）and
c1otrimazo1e（CTZ）were purchased from Sigma Chem－
ica1Co．（St．Louis，Mo。，U．S．A．）．Nystatin（NYS）and






ITCZ and FLCZ were disso1ved in steri1e distmed water，
dimcthy1su1f（〕xidc（DMSO）containing0，1N HC1and
phosphate buffered sa1ine，respectively．Other antifunga1
ag㎝ts were disso1ved in DMSO．
  C．a1bicans s〃’〃〃．C．o伽。〃一s TIMM1768，a c1ini－
cally isolated serotype A strain obtained from the
Rescarch C㎝ter for Medica1Myco1ogy，Teikyo Uni－
versity（Tokyo），was used。
  λ∬oy oグ〃〃一Candida oαル〃ツ．The anti－C〃〃〃α
activities of antifungaI agents and LF－re1ated substances
were assayed by the micro－broth－di1ution method（14）．
Yeasトform ce11s of C．oめたm∫were coIlected from
stock cultures on Sabouraud dextrose agar（ユ％Bac－
topeplone pifco Laboratories Co．，Detroit，Mich．，
U．s．A，1，2％glucose，1．5％agar）s1ants，washed in saline
and suspcnded in Sabouraud dextrose broth（SDB；1％
Bactopeptone，2％gIucose，pH6．5）at105ce11s／m1．20μ1
of Cα〃a〃αsuspension，10μ1of stock so1ution of LF－
re1atedsubstances，2－ofstocksoluti㎝oftheantifun－
gal agent and168μ1of SDB were mixed and incubated
at37C for17hr．We used SDB as a medium since C．
○伽。伽∫T1MM17689rew aImost comp1ete1y in yeast
form in this medium but partially in mycelial form in
othermedium such as RPM11640．The addition ofLF－
relateds・b・tancesattestedc㎝centratio・scausedslight
decreases in the pH（△O．ト0．2）of the SDB medium．
The medium containing so1vents（1％）used for the dis－
soiuti（〕n of antifunga1agents were con行rmed not to
a舖ect the growth of C舳a〃。．The absorbance at630nm
of triplicate samp1es was measured spectrophotometri－
ca11yatthest舳andendofincubation，andthedifference
in absorbance was taken to indicate the extent ofCo〃．
〃‘加．The percent growth inhibition of C，o伽。舳∫was
calcu1ated as fo11ows：〔1－absorbance（C．o伽。舳∫with
drug）／absorbance（C o〃）ゴ。ω一∫aIone）l X1OO（％）．The
80％growth inhibitory concentration（IC80）was taken to
repres㎝t the minimum inhibitory conc㎝tration（MIC）．
  α肥。々α’わ。伽aω一α4｝・sな．For the assessment ofantimi－
crobial combinations，the checkerboard method was
employed and results were evaluated according to stan－
dard criteria（4）．Concentrations ofeach ofthe dmg com－
binations showing IC80against C．oめた舳∫as deter一
mined in tripIicate tests were p1otted on arithmetic sca1es．
The fractiona1inhibitory concentration index（FIC index）
was calcu1ated as fo11ows：（1owest inhibitory concentra－
tion ofdrug A in combination／MIC ofdrug A a1one＋
1owest inhibitory concentration ofdrug B in combination／
MIC ofdrug B a1one）．FIC index values ofく0．5，1．O





  The growth inhibitory activities of LF，LFhyd，LF－B
and LF（一）combined with CTZ against C，o伽。m∫
TIMM1768were tested（Fig．1a－d）．CTZby itse1fcaused
margina1inhibition of C〃肋ao at12．5ng／mI and80％
growth inhibition at50ng／m1．LF a1one at200μ以m1
comp1ete1y inhibited the growth of Cma〃。．In the
presence of CTZ at3，1or12．5ng／m1，LF caused com－
p1et  growth inhibition at100and50叫g／m1，respec－
tive1y（Fig，1a）．LFhyd at400μg／m1and LF－B at12．5
μg／ml caused80％growth inhibition，and the IC80of
both ents decreased to1／2orユノ4when combined
with3．1－12．5ng／m1of CTZ（Fig－1，b and c）。In contrast，
LF（一）enhanced the growth of C舳a〃。 dose－depen－
dent1y，and this tendency was obsewed even in the pres－
ence of3，1－50ng／m1of CTZ（Fig．1d）．These resu1ts
indicate that a combination of LF，LFhyd，or LF－B with
CTZ nhibits the growth of Cm〃加more effective1y
thananyoneoftheseag㎝tsa1one，andcooperative
effects were evident from the decrease in MIC va1ue
（lC80）．
Comわ加〃1o〃∫ μ〃物〃8〃λ8e〃M〃〃
  The effects of LF，LFhyd and LF－B on the anti－Co〃一
a〃。 activ ties of various antifunga1agents were inves－
tigated．In the presence of100μg／m1of LF，which
scarce1y inhibits the growth of C〃肋加by itse1f，the anti－
C舳6〃。 ac ivity of two po1yenes，one Huoropyrimi－
ine，two imidazo1es containing CTZ，and two triazo1es
were tes ed（Table1）．The MIC va1ues（IC80）ofAMPH，
NYS，po1yene antifunga1agents and5－FC，a nuoropy－
rimidine antifunga1agent，did not change fo11owing the
addition of LF．The MIC of KCZ，an azo1e antifunga1
agent，decreased by1／16in the presence of LF．The
MICs of the oth r hree azo1es were a1so reduced by
1／4in the presence of LF．
C・・伽〃わ・∫・μ〃1伽8州8・〃∫伽〃物a
 In the presence of LFhyd at concentrations of50or
200μg／m1，which just weakly inhibit the growth of
Cm”伽the MIC va1ues（IC80）ofvarious antifunga1
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Fig．1．Grow－h inhibi－ory effects of LF（PaneI a），LFhyd（Panel b），LトB（Pane1c）and LF（一）（Pane1d）with and without CTZ．The
growth ofC．o伽。舳∫TIMM1768was estimated by measuring OD舳。Data are means ofthree samp1es±SD．CTZ concentrations were
0（■），3．1（口），12．5（▲），and50（△）nσmI。
Table1．E耐ect of LF on the anti－C〃〃〃。 activity of various anti－
fungalag㎝tS
Tablc2．Effect of LFhyd on the anti－Coηa〃。 activity of various
antifunga1agents
MlC（ng／m1） MIC（ng／m1）
Antifunga1agentAlone        ＋LF
  62，5            62．5
1．000           1．000
4．000           4．000
  50            12．5（1／4）
  50             3．1（1／16）
4．000           1，000  （1／4）
  50             12．5（1／4）
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1．000
4．000
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   3．1（1／16）
   3，1（1／16）
1，000  （1／16）
   3．1（1／16）
 The MIC value was de6ned as the IC80of each antifungal
agent．LFwas added at a sub－MIC level（IOOμg／ml）．The ratio of
the MIC va1ue in the presence ofLFto that in the absence ofLF
isindicatedinpa・㎝the・es、
 The MIC value was denned as the IC80of each antifungal
ag㎝L LF yd was added at a sub－MIC1evel（50or200μσm1）、
The ratio ofthe MIC va1ue in the presence ofLFhyd to that in the
absence of LFhyd is indicated in parentheses．
agentswereexamined（Tab1e2）．The MICs ofAMPH
and NYS did not change fo11owing the addition of
LFhyd．Combined with200μ以ml ofLFhyd，MICs of5－
FCand four azole antifunga1agents were decreased by
1／4and l／16as compared with the MIC of each anti－
funga1agent a1one．Furthermore，the MIC of FLCZ
decreased by1／4in the presence of on1y50μg／m1of
LFhyd．
Co〃舳〃1o〃∫ψんψln8〃λ8e〃∫舳〃F－3
  In the presence of LF－B at a concentration of3．1
ト．9／ml，which scarcely affected the growth of Cm〃ao，
824 H．WAKABAYASHI ET AL
Tab1e3．Effect of LF－B on the anti＿Cona〃。 activity of various
antif㎜galag㎝ts
MIC（ng／m1）








   62，5            62．5
 1．000           1．000
4．000           4．000
   50     12．5（1／4）
   50     コ2．5（1／4）
16．000    4，000（1／4）
   50     12．5（1／4）
 The MIC value was defined as the IC80of each antifunga1
ag㎝t．LF－B was added at a sub－MIC1eve1（3．1μg／m1）。The
ratio of the MIC va1ue in the presence of LF－B to that in the
absence of LF－B is indicated in parentheses．
ルψ∫1∫・グC・m舳・a取・1∫わツ筋・α・・々・・わ・〃d
Me肋。a
  The combined effects of LF－related substances and
CTZ were characterized by the checkerboard method．
The a叫i－C伽a〃αactivity of combinations of LF and
CTZ at various concentrations was examined，and points
representing each concentration giving80％growth
inhibition of Cma〃。 were p1otted．The p1otted curve
suggests the existence of a“synergistic”combination
effect as shown in Fig．2a．The FIC index of this com－
bination was0，187，and this va1ue indicates synergy
（＝≦；O．5）．In the case of varied concentrations of LF－B and
CTZ as weu，t  p1otted points create a synergistic cume
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Fig．2．Anti－C〃肋伽activity ofthe combinations of LF（Panel a）
and LF・B（Pane1b）with CTZwere analyzed by the checkerboard
method．For cach combination，the IC80ofCTZ and LF－re1ated
substance againsl C〃わ～cms TIMM1768was determined in
triplicate tests and plotted in closed circ1es on arithn1etic scales．
Aputativeadditiveeffec－isrepresentedbythedashed1ine．The
FIC index caIcu1ated for combinations of the two dmgs is indi－
cated㎝eachpaneL
the anti－C伽6〃。 activity of various antifungaI agents was
tested（Tab1e3）。No change in the MICs ofAMPH，NYS
or5－FC was observed foHowing the addition of LF－B．
On the otherhand，in the presence ofLF－B，the MICsof
four azo1e antifunga1agents were decreased byユノ4as
comparedwiththe MiCofeach azole alone．
  LF and LF－B，at relatively high doses，are known to
inhibit the growth of C．oめた伽∫（3，12，16）、Here，we
found that LF－re1ated substances at sub－MIC1eve1s
function cooperative1y with azo1e antifunga1agents
against C．o伽。m∫．The MIC ofeach azo1e antifungal
agent tested decreased by about1／4in the presence of
LF－re1ated substances．The effects ofLF or LF－B com－
bined with CTZ on the inhibition of Cm〃加were char－
acterizedassynergisticbycheckerboardana1ysis・
A1though LF，LFhyd and LF－B showed no cooperative
effect with non－azo1e types of antifungal agents such
as AMPH or5－FC，a11of the azoIes tested showed sig－
nificant combined effects．The azo1es tested differ from
eacb other in physicaI features（e，g．，FLCZ is hydrophi1ic
and ITCZ is hydrophobic）but a11azo1e antifunga1agents
are known to inhibit funga1growth by interference with
cytop1asmic membrane synthesis through the inhibition
of ergostero1synthesis．Therefore，we specu1ate that
such interference with membrane synthesis may have a
ro1einthecooperativeinhibitoryeffectsobservedhere．
  The active component of each of the LF－related sub－
stances contributing to the cooperative inhibitory effect
with azo1es against C．o伽。m∫is assumed to be1acto－
ferricin（LF－B），since LF，LFhyd and LF－B each contain
the LF－B domain or the LF－B peptide，LF（一），which
was removed from LF－B，did not inhibit but rather
enhance  the growth of Cm〃6o even in the presence of
CTZ．The mechanism of action of the LF－re1ated sub－
stances against C oZわたm∫has not been fully e1ucidated．
Adva ced lycosy1ation end products which bind to the
1actoferricin domain are reported to b1ock the antibac－
ter五a1activity of LF againstル〃。rococc〃∫Z〃e〃∫（6）．
This行nding tends t  support our assumption that the anti－
C〃”〃。 activity of LF depends on the1actoferricin
r gi㎝．We have shown that LF－B directly binds to
COMBINATlON OF LACTOFERRIN AND AZOLEANTIFUNGALAGENTS
C伽”…ll・（3）・・di・highly・ff・・ti・・t・di…ptth・
ce11membrane of C舳a〃。（16）．Therefore，the combi－
nationofLF－rc1atedsubstances and azoles maycooper－
ativcly inhibit the growth of C舳d〃。 by causing the
dysfunction of fungal membranes．
  Since our experiments were performed using SDB
medium known to be rclativeIy acidic，it is possib1e that
the cooperative effects of LF－related substances and
azoles may bc influcnccd by the biochcmical character－
istics of SDB．Howcvcr，we bclieve that the combined
anti－C舳〃aαactivities were not dependent on the pH
changc of the mcdium because non－effective LF（一）
causcd a slight dccrcasc in thc pH（△0．1＿O．2）of the
medium，simi1ar to that of other effcctive LF－re1ated
substances，
  LF and someβ一1actam antibiotics are reported to
havecoopcrative antimicrobial cffects againstKZeわ∫’eZ一
’oρ〃ωmo〃。e and∫oZmo〃e〃m（8，10）、More r㏄ent1y，
azoles and1ysozymc werc shown to havc synergistic
anti－Co〃a〃αactivity（13）．Thesc findings also suggest
that agents having different modes of action，each caus－
ing damage to microbial ce11s，can exhibit synergistic
antimicrobial effects．
  The lcvels of LF in exocrine secretions have been
reported as：0．5－1．O mg／ml in cewica1mucus（7），0．4．1．2
mσml in tcars（1）and；≧2mg／ml in milk（9）．Thesc1cv－
els of LF arc highenhan lOOμg／m1，which is the con一
㏄ntration required t（〕cxhibit a synergistic effect in com－
bination with az（〕1es as demonstrated in our assays．
Thcrefore，it is conccivablc that LF in exocrine secre－
tions，such as vaginal mucus，may contribute to the ther－
apeutic cfficacy of azo1e an－ifungal agents against Co〃一
a〃。 infcαi〔）n．Moreovcr，we hope that combination
therapics using azolc antifungal agents and LF－related
substances，especia11y the low molecular weight pep一
一idc LF－B，prove to bc thcrapeutica11y cffective in clini－
cal trials．In our futurc studics，we intcnd t（〕invcstigate
the comb1ncd effectivcness of LF－B and azolcs against
patho9㎝icfungiotherthanCo伽α川∫，not（〕n1ジ〃
1伽・obu〔also〃ハ、か。 in animal models．
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str痂TIMM3317show前山ai口i㎜g映。w舳i調伽e pres㎝㏄0f田山。0㎜肌01e Or i餉。0則肌01e，舳i1e舳e枷。山0f
gmw伽wos rω㎜cGd by thG additio皿。f LF or LFdm B3t3s口b・〃皿C，Th凹s，伽G・add雌0110r LF or凡Fdm B at
a s㎜b・W皿C r㊤5山I他d im a s11b5t3皿ti81decre8se i皿舳e MICs of皿㎜co回池。1G8皿d itm60山azo－e㎞r肺。阯gh1y8zo16・
rosis胞耐st固im；①．g．，舳e MIC of舳。o皿azo1“or T【MM3317w風s s11i伽d hom＞25“o0．25μg！m1町LF，b11t
舳e MICεw説皿。ω鮒㈱刮資。r伽e馴1s㏄p肪1e st耐皿5．ThG combimtiom棚㏄ts obse阿ω洲h血iazo1es8nd
岨m18制。o岬㎝mdsi聰伽ec8seo舳e帥。hig町8zo1e・誠si晩皿tstraimsworeco皿血me砒。bes岬㎎is仇吋
the血8ctio㎜1im阯bito呵。omc㎝血就i㎝i耐ex．T11es6ms㎜ltsdem㎝str池tha山rsom”zoIe・resis胞皿tC。ψ
”ωn“trai皿s，LF・記1a蛇d compo㎜1d8combi11軸w舳triazoles c811i汕ibit伽e gm榊吐。f11〃止a8，a㎜impoれa皿t
的r㎜0r伽S0㎎伽i5miリ州0g㎝eSiS．
 COn力aααめた0”3is an OppOrtunistic pathogen that causes
systemic and mucosa1infectious diseas郎in huma皿s，Among
mucosal Cα〃6j4o infections，oropharyngea1ca皿didiasis has be－
come a serious cIhica工problem in immunocompromised hosts
測。h as AiDS patie－1ts（18）．The hypha1form of C．θ伽ω舳is
more capab1e of adheri口g to mucosal ce11s than the yeast form
㎜d，thus，is more 1ike1y to invade host tissues and initiate
c㎞・aldisease（16）．Therapeuticst胞tegiesshou1din・Me
ageI1ts that target hypha］deve工。p皿1ent．
 The triazo1e antifungal age11ts刮uconazo1e and itracoIlazole
㈹wideiy used to treat infections caused by C舳励吻sξp．
b㏄ause oftheir demonstrated e揃。acy and low1evels ofto対。岬
（8）・Azo1e㎜tifu㎎副ag舳s are㎞own to a脆。t the deve1op－
meIlt of C．〃〃ω㎜hyphae at doses that resu1t in on1y a re1a－
tive1y sma11degree of㎞hibition of the growth rate（17）．How－
ever，in severely immumcompromised patie11ts，such as those
with late－stage AIDS or chronic mucocutaneous candidiasis，
鴫peated treatments w冊1肋。onazo1e have1ed to the appear一
如。e of C伽〃加iso1ates resistant to these agents（21）．AI一
曲・・gh・…m1・・ti血㎎・1・g・皿t・h…b・㎝・・R・れ・dt・h…
e固。acy aga㎞st azo1e－resist帥t C．oゐ比例∫，sωd1es with those
ogents have dealt ma㎞1y with ceus growing in the yeast fom
112・22）・Studies f㏄usi㎎㎝ce11s growi㎎in the hy中a1fom
㈹esse耐iaI considering the importance ofthis£om mpatho－
geneS－S．
 Lacto胎rdn（LF）is an antimicrobi副protein found in various





of鵬utrophi1s．M釦y investigators have reported on the anti－
C舳〃幽activities ofLF（15，19，23）一Tbe antimicrobial peptide
Iactoferricin is derived丘。m the N－teminal regio血。f the LF
mo1ecu1e（2），and thisIactoferricin region is responsib玉e forthe
antimicrobia1activity of LF（11）．Lactoferricin B（LFcin B），
derived from bovi鵬LF，e池ibit8pote山dismptive e伍ects on
the fung l ce11membra種e and has fungicida正activi町aga泣st
C．”肋舳（25）．
  From studies wi曲yeast foms，we have reported that LF or
LFcin B combined witb azole antifunga1agellts has synergistic
antifungal actM蚊against C．αめたα棚（24）。To assess the va1ue
ofcombination therapy，we have s加died the susceptibi1ities of
hypha1fomsofazo1e－resistantC o伽。舳toLForLFc㎞B
alo鵬。r in combination with triazo1e antifmgal agents．
               MATE㎜A1－S AND M週THODS
 M舳r刷5．Bovi爬LF was pmdu㏄d by Morinaga Milk lndus町Co。（To々。，
Japan）。The antimicmbia1peptide LFcin B was prod口。ed by the method r6・
ported previous1y（2）．Amphoterid口B was p山。hased from Sigma Ch6mjca』Co、
（St．Louis，Mo．）．Pl㏄on秘。le如d itraoonazole were e対racte“rom Di舳。an
capsules（Pnzer Pharmaceuticals Inc。、To吋。，Japan）a加d Itrizo1e capsu1es（Ja11s－
sen Kyowa Co．，To吋。，Jap柵），respeωve1y．
 C．”必jω㎜str3ims．The fo1iowing azole－susc6ptible C、”他た醐3軌間i05were
u舵d：ATCC gO028，recommendcd by Na－iona1Commi岨ee forαinica1Labom－
toリS伽dards do㎝ 舳M27－T（14），a口d mMM1768，a cHnically isolated
scmtype A strain（Teikyo Univers1ty Institute of Medica1Mycology，Toゆ。，
抑剛．Thcazo1eイesis伽t鮒ainswe肥asfo皿。ws：modem的azo1村esis伽t
s町ain TrMM3164was油。latcd肘。m aIl AIDS pa－iem with orop11則mg6al ca－o－
didiasis．and highly肥。lc－resis伽t s舳ins TIMM3315㎜d．丁1MM3317w胴
sequentia11y isolated from a patie血t w舳a hcmato1ogi鯛I di舵砥e．Stock cu－tures
we㈹ユr舳sferr6d onto Sabo同胞甘d g1ucose agar and were incuba肥d a1280C
before use，The suscoP－ibilides of the s－rains lo and～oga1agents were con丘1．med
bゾhe s伽dard㎜舳。d describcd in do㎝me耐M27－T（14）。
 M085II誠m8武。川卯hal gmw血・・RPM11640medium舳1，Plemen－ed with2．5％
h舳一i㎜ctiv舳ed胞ta！ca山鮒um，20mMH1三PES，2mM止唱1utami鵬。and16市M
sodiユ1m hydrogcn carbonate（PH7・O）was口sed as thc hypha－9rowtb－Promotin9
1587
量
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TABLE I．M－Cs ofa皿tifungal ag㎝ts，LF，and LFcin B detemined
                by the C】／sta㎞ing assay
MIC（μσmi）
C．α肋。〃岨
 strain      Ampho一   同uco・   Itracon－    LF   LFci皿B
            tericinB  nazde   azo畑
Azolesus㏄ptible
 ATCC 90028    0，I3     025   0．0063 ＞6．400   400
 TIMM1768   0，13    0，25  0．0063  6．400  400
Azole1・esistant
 TIMM3164“   0．13    1   0．05
 TIMM3315   0．25   128  〉51
 TIMM3317    0，13  〉256  〉51
1．600    400
200   50
1．600    200
 ＾Thc M－C for舳s st蝸in舳s dctemined by mcasuri口g the increase三n thc
opticald㎝silyat630nmoftbe㎝h山。・
medium（RP medium）for C．〃わた舳s．Y㈱st－form ceHs of C o伽。σ棚were
collcctcd『rom c山山es on Sabour舳d glucose ag肌washed with saline，and
s口spondcd in RP medium at lΩ5ce11s佃1．E日。h wcll of a96－we11肋t－bottom
microp1atc肥。εived a mixtu爬。f20μ1of C〃〃〃”㎜speηsion、ユOμl of a stock
soiuOon of LF or LFdn B，2■of a stock501utior■of antifungal agent，帥dユ68
■of RP mcdium，and汕micropI且屹s we爬inc凹bated at3アC in a5％C02
atmΩsp110ro foT15h，To detcrminεthe extent of growth of C o必た〃雌hyphae，
出e cけ肘al violot（CV）stainil〕g蝸舳y w鵡performed齪s descTibed previo口s－y（1．
19）．BlIie日y，t11e modium in thc wdls was discardcd測d the adhesive C醐ψ地
mycolia were s1町i1ized by trcatmcnt with70％eth罰mi．The mycdia were stained
with O．02％CV舳dw蝸hed with water，A丘erthe㎜icrop1ateswere dried，150μ
orisopropanol c011t割ining O．04N HCl and50■ofO．25％sodium dodecyI sulfate
wcre added to thewclls and mixcd．The absorb測。es at550t0630nm oftrip－
licate samples were mcasured書pectropbotomet㎡ca㎜y．For日uconazo1e and LF一
爬1ated compounds，the MICwas de汽ned as the lowest drugcon㏄ntτation that
肥d口。ed growth by80砺。omp帥ed wi山the growth in the drug－f肥e we11．For
itmconazolc，the gO％inhibitoリ。oncentra口。n was chose11because this drug
c副uscd pa1‘ti…1I in11ibitiΩn of a201¢＿r芭sistant C．α心た概π∫．
 Tho fmctional iηhibit｛〕叩。onocmtmti011（FIC）ind跳was ca－cula－cd舶fo11ows
（6）：一（1）ノMICパH（8）／MlC〃1：FICind餅，where MICλand MIC旧arc the MlCs
ordmgs舳ndβ、伽pcctivcly，d舳㎜ined舵pa・乱吻，md（ノ）and（8）arethe
MIαof drugs！and8，醐p㏄livdy，whcn thc M－C of the combination was
d“cm1inod，Thc c脆。ts of thc drugs wcre interpreted tc be iηdicatjve of synergy
Ωr indi舳rcncc when thc FIC i皿dex w欄くl or l to4，respectively．
RESULTS
  lmh舳io皿。f軸ha1gm剛bby㎜一if㎜ga1ag㎝ts，LF，or
LFci皿B，Thc c任ects of antif山nga1agents，LF，and LFcin B on
the growth ofthe hyphae ofthe test strains in RP mediumwere
quanti6ed by the CV staining method except in the case of
TIMM3164，forwhichtheMICwasdeteminedbym㎝itoring
the increase in the optica－density at630nm of the cu1ture
because of the defective grdwth of the strain’s hyphae（Tab1e
l）．High levels ofresistance ofTIMM3315and TIMM3317to
舳。omzole and itraconazole were observed in this assay，and
a moderate level of resistance of TIMM3164to these agents
was obsewed．The MIC of LF for the azo1e－resista皿t strains
TIMM3164，TIMM3315，and TIMM3317was lower than that
for the azo1e－susceptib1e strains ATCC90028andTIMM1768．
The MIC of LFcin B for TIMM3315and TlMM3317was a1so
1ower th舳that for the azole－susceptib1e straim．
  E脆。toftri跳。lea皿tm㎜ga1ag㎝tsco㎜舳edw舳LF・m・
1副ωcompo㎜1ds agai皿st C、α伽ω”8TIMM3317．Inhibition of
the growth of the hyphae ofazoIe－resistant strain TIMM3317
by Huconazole or itracoηazoユe was obse耐ed in tbe presence
or absence of LF or LFcin B（Fig．1）．At higher concentrations
of Huconazo1e and itraconazole，the iso1ate showed trai1ing
growth，as indicated by disappearance of the endpoint．The
addition of LF or LFcin B decreased the extent of traiIing
growth㎞the presence of fluconazoIe or itraconazo1e．In par－
ticu1ar，LFcin B at100μg／m1with舳。onazole or itraconazole
comp－etely㎞hibited hyphal growth，a1though the peptide aloue
ANTIMIcR◎B．AcEN1∫CHEM0丁肥R．
had a㎞ost皿。 e伍ect．To examine the e丘ect ofthe combination
of LF or LFcin B with舳。onazo1e，the growth of TIMM3317
treated with these agents was monitored microscopica11y（Fig－
2）一Afterユ5h of i皿。ubation，the stra㎞grown in drug－free
medium showed substantiaI devθ1opment of hyphae and yeast
cel工s were not evident．In the presence of iuconazo1e at l｛g／
m1，some hyphae andyeast ce11s were obse耐ed．In thepresence
of LF at200レg／m1，fewer hyphae were seen，W“en exposed to
the combination of坦uooI1azo工e and LF，the strain deve1oped
signi五。ant1y fewer lhyphae than were obse〃ed in the presence
of each dmg，a1thou出some yeast ce11s were evident．When
iucomzo1e and LFcin B togetherwere added to the cu1ture，a
few yeast ce11s but a1most m hyphae were obsewed，a1though
LFcin B a1one had litt1e efect on the development of byphae．
These microscopic obse耐ations corresponded we11to the re－
su1ts of the q1ユantification of the hypbae obtained by the CV
staining method（Fig．1）．
  Com脾ris0110f価e e価㏄ts of combi㎜atioI1s agaimst azo1e・
s鵬。印tible amd－msis胞㎜t stI’ai㎜s．The e丑ects of the combina－
tions on the deve1opment of hyphae by azole－susceptib1e and
－resist2mt strains were compared with respect to reduction of
theMI ㎝dthe FICindex（Tab1e2）．The MICsoffluconazo1e
for the azoIe利sceptible strains ATCC90028and TIMM1768
did not decrease upon the addition of LF or LFcin B at con－
centrat1ons of1ess than one－fourth the MIC，whereas for the
azo1 －resistant strains TIMM3315and TIMM3317，decreases
in the MICs were evidellt（Tab1es1and2）．From examination
of the FIC indices for both strains，it was interpreted that the
combination o閉uconazo1e and LF，asweu as the combinadoI1
of週uc㎝azo1e and LFcin B，was synergistic（Tab1e2）．With
strainTIMM31649rowi㎎intheyeastfom，areductionofthe
MICof舳。onazo1ewasnotevident afterthe additionofLFor
LFcin B．In tests with itraconazo1e，a decrease in the MIC and
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  FIG．1，Inhibition of gmwth of C．o’版。〃s TIMM3317hyphae by tri躯01e
・・山・㎎al・g㎝t・inth・p…e・・e・fLFo了LF・i・Ba伽r15hofi・・ubatio口・
日uconazo1e（A）and it胞。onazo1e（C）were tested in the absence（■）0r p爬冨encε
（口．200μ砂ml：▲，800μg／ml）of LF．Flu◎on秘。1e（B）and itmconazo1e（D）we「ε
tested in th6abscnce（口）or p肥sence（口，25枠9／mI；▲，lOO粋妙ml）of LFcin B・
The values鮒e the means± st邊ndard dcviatio口s for three determjnati0－1s，
OD55“刈n、ΩphcaI densれy at550t0630nm、
V0L．42．1998 EFFECT OF LACTOFERRIN ON AZOL1三一RESlSTANT C．！L〃Cノ〃．∫1589
書
  帯、
   ・議，










































     バイダ、．1
      ポ1 、二


























bincd with LF t）r LFcin B in thc casc（〕f stmins TIMM3164，
TlMM3315，and TIMM3317．
               DISCUSSION
 By examining hyphai growth，wc havc found that（i）azolc－
rcsist．ntst．ainsofC．α伽。舳∫a・cm（・re・…cptib1ctoi・hibi－
ti・・byLF・・dLF・i・Bthll・…1・一・・…ptib1・・t・・i・…d（ii）
sOmc azOlc．resistant strains arc inhibitcd by Huconazolc or
it…㎝…1・t・・g…t・…t・1・ti・th・p・・…㏄・f・・1・ti・・iy
］0w concentrati（〕ns of LF or LFcin B．Thcsc hndings indicatc
that LF or LFcin B may play a valuablc mle in thc inhibition
of thc myce1ial form（）f azo－e－resist三mt C．‘”’フ’（一α〃∫、
 The丘nding that azolc－resistant strains showcd highcr sus一
。cptibi1itics to LF or LFcin B than the azo1c－susceptiblc strains
i・mt…p・i・i・g．Fl・・・・…1・一…i・t・・tCα・a〃αg肋・舳・t・・i・・
lacking cytochromc P－450，an enzyme invoIvcd in ergosteroI
bi・・y・th・・i・lmdth・t・・g・t・f…1…ti㎝・…highly・・…p－
tiblc t（〕kming by H二0二and hum三m ncutrophils（9）、Thc ab－
scncc of cytochromc P－450activity and thc resultant mcm－
bmne stcroi altcrations mav bc associated with mcmbranc
pcrturbatk〕ns in thcsc azolc－rcsistant strains－LF interacts with
thc c11surfacccausingcxtr・ccllularlcak・gcofprotcinsand
thc fornlation of surfacc blcbs in Co〃‘〃aαspP。（I5）、and LFcin
B has bccn found to disrupt ccH membranc functions in C〃一
わ’α〃州（25）．Thus．somc az〔）lc－rcsistant Cα’π〃αspp．which
havc三11tcmti〔ms in thcir ccll mcmbrancs appcar to be morc
…㏄p㈹・th…th…t・lli・・t・・…p・・iH・h（〕・td・f・…f・・一
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TABLE2．M1C and HC index of舳。onazole or itracomzole in combination with LF－re1ated compomds
                asdeteminedbytheCVs1aini㎎assay
Fl口。onmole with t－1e foHowing： Itraconazole wilh the fo11owing
C． 口’わfσα〃＾l
                       LF strain LFcin B
LF                   LFcin B
M－C（μヅn1i）”  HCinde〆   MIC（μg／1111）FrC indexMIC（μg／ml）   HC inde■  MIC（いg／ml）  FIC indcx
Azo1c susceptib1e
 A↑CC gO028    0．5（800）    2．06（I）
 TIMM1768    0．25（800）   1」3（1）
Azolc rcs丘stmt
  TIMM31砂．   1（200）    1．13（I）
  TIMM3315    0．12（25）   O．13（S）











O・0063（800） 1・06（I） O，0031（25） O．56（S）
O・0063（800） 1・13（I） O．0063（25） L06（I）
O．025（200） O．63（S） O．025（25） O．56（S）
≦〇一0016（25） O．13（S） O．025（6．3） O，13（S）
O・0031（400） O．25（S） O．0063（25） O．13（S）
“しFor LFcin Bw削s addcd at a con㏄ntration ofless th目n its one－fourth its MIC・and thcconcentration（in micmgrams permi】i仙er）is indicatedin parentheses、
＾Thc FIC indcx was calcu一釧。d as described in thc text，and its interpretation is indicated im pa爬nthesesl S，synergy（〈1）；I，indi脆ren㏄（l to4）．
’ThcMICforthiss－minwasdcle岬incdbymcasuring－heincrcascintheopticaldensityat630nmoftheculture。
tors such as active oxygen and LF－related compounds that
targct the ceH membrane．
  Azole resistance in C．α伽。m∫is correlated main1y with
enhanccd azoIe e欄ux mediated by mu1tidr1』g e固ux transport－
ers such as Cdr1energized by ATP and Ben『energized by the
pmton motivc force（4，20）」t has been demonstrated that
LFcin B dissipates the proton gradient acmss the ce11mem－
br・neofC・”伽。舳（25）andinhibitsuptakeofg1ucoseby
η北ん。ρ妙Com〃わ〃m（3），suggesting that it may reduce the
lcve1s of ATP production in fungi．Although these e伍ects of
LFcin B and those of LF may inhibit the activity of multidrug
cfI＝Iux transporters and thereby reduce the extent of azoIe re－
sistmce in the resistant strains，further studies wi11 be neces－
sary to dariウthis possibi1ity，
  An e脆。t of〔he combination of triazoIes and LF－related
compounds was not observed against the moderate1y azole－
resistant strain TIMM3164，which is defective in theformation
of hyphae－It is u11known whether the1ow1eve1of susceptibility
ofTIMM3164tothese agentscomparedtothoseoftheother
strains cxamined is indicative ofa d岨erence iIl the mechanism
of azo1e resistmce or whether it resu1ts from a defect in the
formation of hyphae，Upon testing of the azo1e－susceptib1e
stminsATCC gO028andTIMM1768，no e缶ectoftriazo1es and
LF－related compounds combined was evident，although an eト
fectofsuch acombinationwasdemonstratedforTIMM1768in
our prcvious study（24）。This discrepancy may have been due
to the di任erent cuIturc conditions and d岨erences in the growth
fom of the（〕rganisms testcd．In fact，the MIC of日ucomzole
forTIMM1768was0．25｝g／mlwhen the MICwasdetemined
by quanti行。ation of hypha1growth in RP medium，whereas it
was4to16μg／ml when the MICwas detemined by measuring
growth in Sabouraud g1ucose broth，in which yeast－form cells
are dominant．LF－re1atcd compoundsmayenhance the suscep－
tibility of Co〃〃ao to azo1e agents under growth conditions that
㎜keth・（）・g・・i・m・一・・・・・…ptib1・t・th…dm§・・
  Plasma LF is derivcd from neutrophi－s，aI1d durmg microbial
i・f・・ti…th・1…1・・fLFi・pl・・m・m㌣yi・・・・…1OO－f・ld（・p
t0200μg／m1）（7）．LF is also present m mucus secretions at
…i・bl・㌣・・…t・・ti…m・gi・gf・・m5叫砂mli…li・・（1O）t・
工，000μ叡m1in cewical mucus（13）．Thc prescnce of LF pro一
〔eo1ysis pmducts in bronchoalveolar－avage samples from pa－
tients wlth in協ammatory iung diseases has been reportcd（5）．
LF dcrived from neutrophils or mucosal surfaces such as the
cewix utcri and active fragments of LF may have the potential
to augment the e冊。acy of az（〕一。 antifunga1chcmothempy and
th…byi・hibit・・1・・i・・ti…舳・h・・tby…1・一…i・t・・tC．。〃一
わたm∫．The LF co cen ration in ora1mucus is Iow，and the ora1
cavity is the primaリsite of infection in the case of azo1e－
resistant C，o必jω〃∫（21）．The therapeutic e価ects of LF－related
compounds gainst experimenta1murine candidiasis due to
azol －res stant C oめた。n∫are now being assessed．
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N－Acy1ated and D Enantiomer Derivatives of a Nonamer
            Core Peptide of Lactoferricin B Showing
                  Improved Antimicrobia1Activity
HIROYU㎜WAKABAYASHI，1＊HIROSHI MATSUMOTO，2KOIC㎜HASHIMOT0，2
SUSUMU TERAGUCHI，一MITSUNORI TAKASE，一AND HIROTOS㎜HAYASAWA－
         W〃湖0・α1∫伽・・ω・舳・がα〃励・・加榊た〃R舳κんω0肋ワ，2
          〃。η’〃8o〃肌7〃〃虹ワCo。，L〃．，Zomo，κmα8owα228－8583，Jψ伽
   R㏄cived2September1998凪etumed for modi丘。ation8Januaワ1999／Accepted7March1999
  N・acy1地d or D㎝㎜Oom6リ叩舳6derivatiws basω㎝the se叩㎝㏄RRWQWRMKK im lactofe㎜icim正
d6mo11stmted amtimicmbial actMties grea他r仙a□1伽。se onactoferricim F agaims舳acteria amd血mgi．The most
pot㎝t p印判e，c㎝j凹gatωw舳㎜11－ca曲㎝・chaim acyl gr㎝p，showed肺。 to eight times lower MIC tha皿
1aCtOfen寸Cin B．
  Lactofen．icin B（LFcin B）is a25－mer antimicrobia1peptide
generated by pepsin d－igestion of bovine Iactoferrin（LF）and is
more potent than Iactoferricin H（LFcin H），a47－mer peptide
similar1y derived from human LF（3）．LFcin B shows activity
against a wide range ofmicroorganisms induding bacteria and
fungi（2，15），and its mode of action is microbicida1via mem－
brane perturbation（4，15）。The peptide shows synergistic ac－
tions with other antimicmbial agents such as azoIe anti～ngal
agents（13，14）．Nudear magnctic resonance studies have re－
vealed that the three－dimensionaI stmcture of LFcin B is an
arItipa1‘a11e1 β一sheet and that hyd一一〇philic and positive1y
charged residues surround thc hyd一．ophobic su㎡ace，sugge・sting
intemctions of this peptide with the bioloξical membrane（9）．
Aithough several LFcin ana1ogs with ammo acid sequences
shorterthanLFcinBorLFcinHhavebeenreported，their
antimicmbial potency seems to be similar to or weaker than
that of the orlginaI LFcin（5，7，1O，l1）、Therefore，this study
was performcd to produce more potent LFcin amlogs and
demonstrate improved antimicrobial activitics displayed by N－
acylated or D enantiomcr ana1ogs of nommer peptides based
on a core sequence of LFcin B・
  Pr叩aI．8ti0110f peptMes．The structures of the LFcin－related
peptidesa・drcf・・enceantimic・obialpeptid・・us・di・this
∫tudy are shown in Tabk L LFcin B was purified fmm a pepsin
脚郷、ll、鮒、冒こ（状蝋、、鰍：1もi6誌
Chemica1Co．（St，Louis，Mo．）．Othcrpcptideswere chemica11y




plied Biosystems Division，Chiba，Japan）by a9－fluorenylme－
thoxycarbony1strategy and so1id－phase mcthodology by means
ofan automated synthesizer（mode1433A；Perldn E1mcr）・For
N－acy1ation of the peptides，the resi11 was treated with the
desired fatty acid activated in situ as m HOBt／HBTU ester．
After removal of the resin md thc sidc－chain－protecting
groups，the cmde peptides wcre p山愉ed by reverse－Phase high一
 ＃α〕rrcspond1ng author．Mailing addrcss：Nu舳iom1Scicncc Lab－
0ratoリ，Morinaga Milk Industry Co．，Ltd。，5－1－83Higashihara，Zama．
Kanagawa228－8583，Japan．Phonc：8一一462－52－3045・Fax：81462－52－
3049，E－man：HiroyukしWa＠msn．co肌
pe茄。 …mce1 quid chromatography．The stmctuエes of the自na1
compounds were co前rmed by mass－spectral ana1ysis（LCQ，




（ATCC6538P）were maintained on plate count agar（Eiken
Chemicals Co．，To吋。，Japan）slants．The stock cultures were
ha岬e e  in I％Bacto Peptone（Difco Laboratories Co．，De－
roit，Mich．）and incubated for7h at37℃to obtain imcu1a－
Cmm“伽ω舳TIMM0144and”η‘cんψ似。〃肌e〃吻馴。帥γ胞∫
TIMM1189weregrownonSabouraudglucoseagar（1％Bacto
Peptone，2％glucose，1．5％agar）slants at27oC before use．
  Amtimi mbia1sm㏄ptibi1i榊6sti皿g．MICswere detemined
by th  microdilu ion method using Hat－bottom96－we11micro－
plates．As cu1tu e media，1％Bacto Peptone or Mue11er－Hin－
ton br th（Difco）was used forbacteria and Sabouraud g1ucose
broth（1％Bacto Pモptone，2％glucose）was used for fungi．
Bactenal ce11s w re moculated into microp1ates at a舳a1ce11
densiψof l06ceus／ml and incubated for17h at37℃．C
α伽。伽∫ce11s were ha耐ested from a s1ant，suspended in the
culture medium，inocu1ated into microp1ates at l05ce11s／m1，
and incubated for17h at37．C．Microconidia ofτ．me吻馴。一
ρ砂Ce3were ha〃est d from a s1ant in saline solution containing
O．85％NaC1and O．05％Tween80，suspended㎞the cu1ture
medium，inoculated into microp1ates at104celIs／m1，and incu－
bated fo 4days at27．C．The MIC for trip1icate sampleswas
determined．
  The MICs of LFcin－re1ated peptides for the而ve microor－
ganisms in peptone－based broth are shown in Table2．LFdn
H（25mer）、which has an amino acid sequence homo1ogous to
that of LFcin B，was substantia11y1ess active than LFcin B
against au microorganisms tested．We synthesized several pep－
tidc derivatives based on the cationic－amino－acid－rich region
RRWQWRMKK（comsponding to positions R4t肚。ugh
K12）ofLFcinBandassayedtheantimicτobialactivi吋。feach．
N－acyl derivativ  peptides having a carbon chain Iength of six
to e1ev n carbons showed simi1ar or higher activities compared
with LFcin B－The most active p叩tide had an11－carbon acy1
chain and exhibited帥。－to four－tmes－bwer MIC than LFcin
B．D一（4－12）一NH2，a D enantiomer derivative of（4－12）一NH2，was
a1so highly active and showed MIC similar to that of Acyl－11一
（4－12）一NH｝N－acylation，however，did not further augment the
activiΨof the D emntiomeric peptide．Ac－RRWWCR－NH2
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TABLE1．Structurcs of thc pcptidc derivativcs uscd in this study
Peplidcname       Stn』cture
LFcin B．．．．、．．．．．．               FKCRRWgWRMKKLGAPS工TCVRRAF
しFcin H（25mer）＿＿＿，         TKCFQWQ則WRKvRGPPVSC工KRDS
（4－12）一NH1．＿．               RRWQ㎜WKK－NH2
A町1－6一（4－12）一NH2・・    CHパC～〕4CO－RRWQW剛KK－NHコ
Acy1－lO一（4－12）一NHコ＿．   CHパCH21宮CO－RRwQWR皿KK・NH，
Acyl－ll一（4・12）一NHユ・一・・  CH■CH呈〕gCO－RRWQWRMKK一㎜｛2
Acyl－14一（4・12）・NHコ…。   CHコ｛CH2〕ユ2CO－RRWgWRMKK－NH2
Acyl－16一（4－12）一NHコ＿＿＿ CHパCH2）MC0－RRWQWRMKK－NH2
Acy1－18一（4－12）一NH2＿＿   CHヨlCH2j」6CO－RRWQWRMKK－NH2
一）イ4－12）一NHユ．＿．．、           o－lRRWQwRMKK）一NH2－
Acyl－10－I）一（4■2）一NH二．＿。。CH…｛CH2）目CO－D－l RRWQWRMKK〕一NH2
Ac－RRWWCR－NH2“＿＿     CH亘CO－RR㎜CR－NH2
（A1a－Jヨ・用）・magainin
  II－NHコ’’．．．．．．．、         GIGKFLHA阯LFAK服VAE工㎜一S－NH2
“Sec refcrence8．
＾Sco roference6．
‘These a肥the D cmIltiumer dcrivatives of the peptides．
was previously ident価ed as the most potent hexameric antimi－
crobial peptide in synthetic peptide combinatoria11ibraries（8）
and showed scquence similarity to the RRWQWR region in
LFcin B．This peptide showed s1ight1y Iower activity than LFcin
B・1Al・舳’18）一m・g・i・i・l1－NH・i・・p・ptid・・…i・ti・g・f23
ammo acid residues reported to disp1ay antimicrobia1activi収
up to lwo orders of magnitude stronger than that of the orig－
ina1magainin II（6）。The activity of this ana1og was simi1ar to
that of Acyl－11一（4－12）一NH2．In tests using Mue11er－Hinton
broth，in which the activity of LFcin B，especia1Iy against gram－
negativc bacteria，was decreased，improvement of antimicro－
bialactivitiesandcarb㎝chain1㎝gth－dependentactivitiesfor
N－acy1atcd～malogs were c1car1y indicated（Tab1e3）．Acy1－10一
（4－12）一NH2md Acy1－11一（4－12）一NH2showed four－to eight－
times－lower MIC than LFcin B．
  N－acyIation resuIted in an increase in the interaction of
LFcin B ana1ogs with microbial membranes and may have
c・…d・・h・…d・・timi…bi・1・・ti・i帆ApP・・p・i・t・・mi・・
acid substitution is kmwn to increasc the activ岬。f antimicro－
biaI pcptidcs（6，1O）．Thc N－acy工derivatization approach using
a re1ativcly short peptide，however，can simp1i卯the peptide
え鴫猟、蝋詰、t1指1i鴛繍£e嚇
TABLE2．In vitro antimicrobiaI activity of LFcin－derived
          pcptidcs in pcptonc＿based broth
MIC（μ9／ml）
Agcn一  κ ＾ ．㌻ C  τ
















































































TABLE3．In vitro antimicrobia1activity of LFcin－derived
         pcptides in Mueller－Hint㎝broth
Agent
MIC（μ。9／m1）












  50        ＞200           25
〉200        〉200         〉200
 100        〉200           IO0
   6       50        6
  12       50        3
  12       50       12
  25       50       12
  50      100       25
  50        〉200            12
  12      100       6
 100        〉200           25
the activity of LFcin B（2），these ions were not likely invo1ved
in the increased MIC ofthe peptide in Mue11er－Hi耐。n broth，
because the concentrations of Ca2＋and Mg2＋in Muener－
Hinton broth were Iow（0．15and021mM，resp㏄tive1y）and
simiIar to those in1％Bacto Peptone．0ther constituents may
be responsible for the diminished activity ofLFcin B in Mue1－
l r－Hinton broth，and N－acy1ated derivatives may overcome
such b1ocking e丘ects of medium ingredients．D enantiomer
peptides an survive d gestion by proteases s㏄reted by micro－
organisms，This and previous studies（1，5，12）indicate advan－
t ges ofD enantiomer derivatives in antimicrobia1app1ications．
  The hemo1ys s activity of the11－mer LFcin B ana1og is re－
ported to be veリ1ow（1O），and D一（4－12）一NH2did not exert a
t 対。 丘ect ag inst anima1ceus at concentrations active for the
inhibition of microorganisms in our pre1iminary eva工uation．
0ra1app1ication is a possible route for the therapeutic uses of
the der1v d compounds，because ora1administration of the
N－acy1ated and D enantiomer derivatives in mice resu1ted in no
lethaI toxici収at doses as high as100mg／kg of body weight
（unpub1ishe data）．
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 ㎜o▼im lactof6mim（LF）amd1adofomicim E（LFci皿B），am or H202，and H202and L00H（1ipid hydroperoxide）
ao“micro阯al p叩tido derived fmm bo▼i11e LF，i1111肋i佗d are converted to H0・and LO・，respective1y（b）（c）．13・14）
仙iobarbitlIric acM・reac“w s1Ibs胞me（TBARS）form如iom                                                 （a） Ascorbic acid＋Fe3＋
inair㎝／aSCOrbate－i㎜山㏄d1ipOSOma1ψ0Sψ01ipid附0X・
i肋“om sys佗m．Th6i11阯舳i0110f T8ARS formati0110c・             →Dehydroascorbic acid＋Fe2＋
c山rmd w舳N－acy1舳。d9－m6叩叩伽6s w舳a com s6叩em㏄   （b） H202＋Fe2＋→HO・十0HL＋Fe3＋
of LFci11㎜8md，com岬md－o LFcim B，uleir aI1こioxi曲11量                                                 （c） L00H＋Fe2＋→LO・十〇H一十Fe3＋
e冊㏄t was c1e8rly obs6rwd加a com㏄□1tr加ion almost100
tim6s10w肌                          These products eventua11y yie1d cytotoxic1ipid a1de－
                                               hydes， detected as thiobarbituric acid reactive sub－
K町words：lactoferrin； 1actoferricin； antioxidant； stances（TBARS）or ma1onedia1dehyde（MDA）．Matsue
          TBARS；acyIation                eCαZ．reported that LF hydro1ysates treated with pro－
                                               teasessuchaspepsin，aswe11asLF，inhibit MDAforma－
  Lactoferrin（LF），an iron－binding protein be1onging tion in a solution containing DNA，bleomycin，and Fe2＋
to the transferrin（TF）fami1y，is present in many exo－ or ascorbic acid．15）
crine secretions ofmamma1s and in the secondarygran－  We studied the e価ects of LFcin B㎝TBARS forma－
u1es of neutrophi1s．It has a variety of bio1ogica1activi－ tion in the iron／ascorbate－induced liposoma1phos－
ties～〃v伽。 and～ηy～o inc1uding antimicrobia1activity， Pho1ipid peroxidation system，because LFcin is1ike1y to
immunomodu1atory e肝ects，and antioxidant activit－ be a mu1ti－functiona1peptide，but it does not have the
ies．1・2〕Antimicrobia1peptides much more e価ective than iron－binding motif of LF．In addition，9－mer peptides
LF were found to be generated upon digestion of this from LFcin B were chemica11y acy1ated to confer
protein with gastric pepsin or other aspartic pro－ hydrophobicity and were tested for antioxidant activity
teinases．3〕The active peptides ofhuman LF（1actoferricin in an e旺。rt to deve1op more potent peptide derivatives．
H）and bovine LF（1actoferricin B，LFcin B）were iso1at－  Bovine LF was produced by Morinaga Mi1k Industry
ed，sequenced，and found to be derived from the Co．（Tokyo，Japan）and its iron－saturation was a1most
homo1ogous N－termina1regions of the mo1ecu1es．4） 14％．LFcin B was prepared from bovine LF pepsin
Later，it was reported that both LFcin B and LF e価ec－ hydro1ysate as described previous1y．4〕Using a 9－
tively inhibit tumor metastasis5〕as weIl as the LPS－in一 趾。reny1methoxycarbony1（Fmoc）strategy and so1id－
duced IL－6response in monocytes，6）and stimu1ate IL－8 phase methodology，Peptides were synthesized on a
re1ease from neutrophils．刀Other studies have shown 4一（2’，4’一dimethoxypheny1－Fmoc－amimmethy1）Phenox－
that an N－teminal region of the LF mo1ecu1e overlap－ yacetamido－ethy1resin or pre1oaded HMP resin
ping the LFcin sequence is responsib1e for the an一 （Perkin－E1mer Japan Co．ApPlied Biosystems Division，
timicrobial activity of LF8）and the binding of LF to Chiba，Japan）using an automated synthesizer（433A，
severa1biologica1substances and ce11s．9・lo〕LFcin may be Perkin－E1mer）．For N－acy1ation of the peptides，the re－
a peptide or a region with the integrated functions of sin was treated with the desired fatty acid activated加
LF．                           ∫伽as a HOBt／HBTU ester．Crude peptides were
  Previous studies have shown that LF inhibits1ipid purified by reverse－Phase HPLC．The synthesized pep－
peroxidation－L12）with an assay system ofIiposoma1phos－ tides are shown in Tab1e1・Assay of TBARS formation
pho1ipid peroxidation induced by Fe3＋ion and ascorbic was done by the method of Gutteridge16）with some
acid．The mechanism of lipid peroxidation in this sys－ modi分。ations．Liposomes were prepared by vigorous
tem cou1d be assumed as fo1Iows．Fe三十is redu㏄d to agitation of a mixture consisting of5mg／m1egg yolk
Fe2＋by ascorbic acid（a），where LF che1ates Fe3＋in a 1ecithin in1O mM HEPES and0・15M NaC1（PH7・4）for
noncata1ytic form，and thereby blocks this and the fo1－ 5min at3㍗C mder oxygen－free nitrogen and the mix－
1owingreactions．Wh㎝Fe2＋ispresent，02Produces〇三 turewasthen1eft at4℃for1h・Thesupematant inO・5一
 †To whom correspond㎝ce should be addressed．Hiroyuki W八MB〈YAs用，Fax：十81－462－52－3049；E－mai1：Hiroyuki－Wa＠msn．com
舳グ。洲。。。：LF，1。。1．f。。・i・；LF・i・，1・・t・f…i・i・；TBARS，thi・b・・bit・・i…id一・…ti・…b・t・・…；MDA・m・1…di・1d・hyd・；SOD・
superoxide dismutase
956                        H．WAKA舳YAs川α〃．
m1portions was dispensed into a number of tubes． Tab161。
Then，50μ1of112μM FeNH4（S04）2，50μ1of532μM as－
corbic acid，and100μ1of test compound so1ution were
added to the tubes fouowed by vigorous mixing for5s，
The samples were incubated at37oC for1or2h．Three
m1of2．9M HC1containing1．0％sodium arsenite was
added to each tube．The tubes were mixed and cen－
trifuged at2，5009 for15min，3m1of the c1ear super－
natant was carefu11y removed and added to1m1of1％
thiobarbituric acid in0．05M NaOH，and each samp1e
was heated for I5min in a boiIing water bath．After
coo1ing，the turbidity was removed by fiItration，and
TBARS formed in each samp1e was measured pho－
tometrica1Iy at532nm．Statistica1ana1ysis was done us－
ing the unpaired two－tai1ed C test to compare two
groups・
  E肝ects of LF－re1ated compounds on TBARS forma－
tion were assayed in the system of1iposoma1phos－
pho1ipidperoxidationduring2hofincubation（Fig．1）．
Fe3＋ion and ascorbic acid added to this system caused
considerab1e TBARS formation．In the presence ofFe3＋
and ascorbic acid，LF and a positive contro1，DL一α一
tocophero1，had an inhibitory e価ect on the reaction as
shown in previous studies．11J2）LFcin B a1so decreased
the1eve－s of TBARS formation with a1esser e伍ective－
ness compared with that of LF．
  To examine the e価ects of LFcin－derived peptides on
oxidation reactions，the synthesized peptides shown in
Table1were tested．Table2shows the e価ects of these
peptides and reference compounds on TBARS forma一
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         D一（RRWQWRMKK）一NH2a
cH］（cH2）8C0－D・（RRWQwRMKK）一NH2a
          CH3CO－RRWWCR－NH2
nO．1mg／m1
国1mg／ml
 Peptides were chemically synthesized except for LFcin B which was purified
『rom a pepsin hydrolysate of bovine LF．
 田1〕indicates D enantiomer derivative from the peptide．
 b Reference fromエ171．
丁沁1e2． E舐ects of LFcin－derived Peptides and Reference Com－
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          ◎          ω          〈       LF    LFcin B   Toco一
          ま              Pherol
          Φ          L           ・         十Fe3＋、十Asc
Fig．1． E肝ects of LF alld LFcin B on TBARS Formation from
 LiposomaI Phospho1ipids．
   Test compounds were incubated with Fe3＋ions and ascorbic acid
 （Asc）in a liposomal system for2h．The TBARS formed was meas．
 ured photometrically at532nm and the results are presented as
 mea口±SD of5tests in percent reIative to the control conta㎞ing
・・lyF・j＋i・・…d・・…bi…id．Th・d・t・w・…t・ti．ti。。11y。。。一
 1yzed comparing contro1va1ues and values obtained in the presence
 of the indicated concentrations of each test age趾．‡pくO．05，
 帥Pく0，005、
 Test compounds were incubated with Fe3＋ions and ascorbic acid in a
liposomal system for l h，The resu1ting TBARS fomed was measured pho－
tometrica11y at532nm and the results are presented as a percent re1ative to the
control containing on1y Fe］十ions and ascorbic acid．
 田ND：not determined．
tion during1h of incubation．DL一α一tocophero1and two
meta1－che1ating agents，o－PhenanthroIine and Quin2，
had signiicant inhibitory e伍ects，whi1e an Oテscaveng－
ing agent，SOD，had a promotive e価ect in this system．
Among the peptides synthesized，LFcin B（14－25），a pep－
tide corresponding to the C－temina1ha1f of LFcin B
with few cationic amino acids，increased TBARS forma－
tion．On the other hand，N－termina1acy1ated ana1ogs of
the9－mer core region ofLFcin B e価ective1y inhibited the
reacti n nd their activity was evident at a concentration
aImost100times1ower than that shown by LFcin B．The
inhibitory e伍ectiveness of these peptides apPeared to be
dependent on the carbon chain1ength of the acy1group，
with those with1onger carbon chains showing higher
e亙ectiveness．An acy1ated D enantiomer derivative of
LFcin B（4－12）一NH2inhibited the reaction with the same
e価ec iveness as the corresponding L isomer peptide．
Another cationic antimicrobia1peptide tested as a
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refer㎝ce compound，Ac－RRWWCR－NH2，17，a1so in－  K．，and Azuma，I．，Bovine1actoferrin and1actoferricin，apep－
hibited TBARS formation．                 tide de「ived f「0m bOvine1actOfe「「in・inhibit tum0「metastasis in
  In this study，LFcin B and LF had simi1ar antioxidant
e価ects，consistent with those shown in other bio1ogica1
activities．5■7）This supports the hypothesis that the LFcin
region is a mu1ti－functiona1domain of LF．0ne mo1ec－
u1e of LF binds two Fe3＋ions at binding sites di価erent
from the LFcin region．However，it has been reported
that LF e冊ective1y solubilizes excess Fe2＋ions in test so－
Iutions，suggesting binding of higher numbers of Fe2＋
ions to LF18工and that LF pepsin hydro1ysate inhibits
Fe2＋一induced MDA formation inaDNAandb1eomycin
system．15〕These indings imp1y that LFcin B interacts
with Fe2＋ions not in a strict che1ating manner and in－
hibits lipid peroxidation．Matsueeτ〃．proposed that LF
a1so binds ascorbic acid and this is one of the antiox－
idant mechanisms of LF in the iron／ascorbate－induced
oxidation system．一5〕To c1arify the antioxidant mechan－
ism of LFcin B，investigations involving interactions of
the peptide with iron ions or ascorbic acid are necessary．
As a reference peptide，a cationic antimicrobia1peptide
Ac－RRWWCR－NH2was tested and inhibited TBARS
formation．This peptide has been identi丘ed as the most
potent6－mer antimicrobia1peptide in synthetic peptide
combinatoria11ibraries17）and shares sequence simi1arity
with RRwQwR in LFcin B．we adapted hydrophobic
motifs to a high1y cationic sequence，RRwQwRMKK，
of LFcin B and examined the activity．The N－acy1ated
peptides examined significant1yinhibited TBARS forma－
tion．Acy1ation of the peptide may resu1t in a higher
a冊nity for1iposoma1phospho1ipids．A mmber ofphys－
io1ogicauy important peptides and proteins are known
to have a cova1ent1y1inked fatty acid which is often es－
sentia1for their bio1ogica1activity and for stab1e associa－
tions with ce11u1ar membranes．19’20〕It has been reported
that introducing an acy1group into a non－acy1ated pep－
tide1ed to strong interaction with a phospho1ipid mem－
brane．21）Our observations revea1ed a nove1bio1ogica1
ro1e for acy1ated peptides．
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